The introduction of electroencephalographic study to cases of cerebral tumour has provided the neurologist, during the past I 5 years, with a new dimension in diagnostic approach which he can inter-relate with the other methods of investigation at his disposal. In I93i Berger showed that impairment of cortical function resulting from high intracranial pressure was associated with slow frequency potentials. Two years later he found similar waves confined to the affected hemispheres in two cases of cerebral tumour (Berger, 1933) . No particular importance was attached to these slow waves until Walter (I936) found a definite focus of origin of these abnormal frequencies at a point on the skull under which, at autopsy at a later date, a tumour was discovered to be involving the cerebral cortex. Adrian (I935) had already forecast that the study of the electroencephalogram might be of use to the clinician, and it was as a result of this discovery by Walter that interest in the clinical uses of the electroencephalogram (E.E.G.) was aroused.
The clinician can now obtain in the E.E.G. a permanent visual record of the distribution of the abnormal cortical waves, together with those normal ones which may persist, and he can use it to provide an objective physiological background to the complex clinical picture which may be caused by a cerebral tumour. The usual technique, which causes no discomfort to the patient, consists in placing I2 electrodes over the patient's scalp in a standard arrangement such as is described by Cobb (1950) . The recording session generally lasts for one hour, during which time the patient lies quietly on a couch with the eyes shut.
It did, at first, seem probable that the E.E.G.
would prove an exceedingly accurate diagnostic technique, as the earlier published results on selected cases were impressive, so that it was considered that if such exact localization of a tumour could be obtained consistently by this relatively simple and safe method, then clearly it must be the method of choice. But in spite of great improvements in equipment, technique and skill in interpretation which have taken place during the past decade, the results in many large series of unselected cases have shown that precise localization cannot be guaranteed. The fundamental source of the difficulty in localization is that the abnormal brain waves which are seen in cases of cerebral tumour arise from the altered brain tissue which is adjacent to the tumour, and that the actual substance of most cerebral tumours is electrically silent. Because of this the position of the electrographic abnormality may not always coincide with the site of the tumour as exposed by the neurosurgeon, with the result that the method may be considered inaccurate by the inexperienced. 2. The actual substance of a cerebral tumour has been shown to be electrically inactive, and it is now known that the electrical abnormalities arise in the abnormal cerebral tissues around the tumours.
3. The diagnosis of cerebral tumour cannot be made from the E.E.G. alone, as no one E.E.G. appearance is per se specific for a neoplasm. 4. It is not possible to differentiate the various tumour types on E.E.G. appearances. This is not unexpected. Scherer (1938) showed that when all areas of any one glioma are sectioned it is often impossible to classify it, as one point may show relatively benign features whilst another may be highly malignant. Even so, diagnostic E.E.G. dlaims of this sort continue to appear in the literature.
5. Parasagittal frontal lesions, even when very malignant, may not necessarily disturb the normal cortical rhythms.
6. Mirror foci, and so-called false localizing signs, are potential sources of the quite gross discrepancies which occur with greater frequency than many observers admit. Thus in about 20 per cent. of tumours involving the cerebellopontine angle a severe focal abnormality may be seen in the contralateral temporal lobe. The false localizing signs and mirror foci seen with posterior fossa lesions present an interesting physiological problem which is not fully understood. It is possible that the action potentials of brain cells and axons are conducted along such connections as the corpus callosum and fronto-pontine tracts. In other cases the false foci may be caused by oedema resulting upon brain shift or interference with the blood supply. In the following case the focus must have been significant from the first but was ignored:
A boy of nine developed a staggering gait and signs of raised intracranial pressure. An E.E.G. showed a one-to two-a-second focus in the left parietal area. Moderate hydrocephalus was seen in the ventriculogram with signs of a left cerebellar tumour. This was confirmed at operation when a malignant medulloblastoma was exposed. The child was treated with radiotherapy. Ten months later the child developed epilepsy involving the right arm and leg, the fits clearly arising in that area of the cortex which had earlier been involved in the E.E.G. abnormality. 7. It is not possible to localize, or even to lateralize, by electroencephalography, tumours of the posterior fossa (see Fig. i 
Oligodendroglioma
This type of slow growing neoplasm'gives rise to focal slow wave abnormalities-, and-accurate E.E.G. localization can usually be expected.
Medulloblastoma
No direct diagnostic help can be expected'from E.E.G. stu'dy in cases of cerebelIar medulloblastoma. Following successful surgical and deep X-ray treatment the generalized high pressure waves are seen to make way for the more normal frequencies. When the inevitable and terminal wvorsening of the condition sets in the deterioration in the E.E.G. records will be apparent at a very early stage. Deep X-ray therapy to the tumour'in the posterior fossa may later cause suppression" of the alpha rhythm on the side which has been irradiated.
Pituary Adenoma
The extrasellar extensions may rise as much as 2 or 3 cm. above the diaphragm and even, in severe cases, obliterate the foramina of Munro, when symptoms due to raised intraventricular pressure will ensue. If, however, there is no change in pressure the largest tumours will but rarely cause alterations in the E.E.G. Five-to seven-a-second waves, occurring in runs, were described in the literature with these tumours, but they seem now to occur in less than 2o per cent. of the cases and they are certainly not diagnostic. Bilateral synchrony of five-to six-a-second waves is more suggestive of a deep mid-line lesion than when runs are recorded, but even so a large proportion of the very gross adenomata may have normal E.E.G. records.
Meningioma
As a result of clinical, electroencephalographic and pathological findings, it is possible to subdivide the meningiomata into three groups. In the first group, which is associated with a normal E.E.G., the tumour is slow growing, hard, relatively easy to remove and derives its main blood supply from the dura mater. There may be some suppression of the cortical potentials if the tumour is superficial.
A man of 4I was admitted for investigation with and eight-month history of epilepsy. sight would have appeared probable. The reason for this unexpected finding is that this type of meningioma is not, in fact, a flat innocent plaque but is a vascular and infiltrating mass firmly joined with the brain substance. The slow distortion of the brain by a meningioma frequently results in the appearance of pathological fast activity over both hemispheres. These fast, beta waves, are generally at 22-a-second and are seen more commonly with the meningiomata than with any other type of cerebral tumour. In common with the other cerebral tumours the parasaggital lesions are exceedingly difficult to localize, and indeed a normal record may be obtained with veryr vascular meningiomata occurring at this site.
Haemangioblastoma
These tumours cannot be localized, nor even lateralized, by E.E.G. methods owing to their situation in the posterior fossa. Slowing of the alpha rhythm may occur as the earliest physical sign of altered cortical metabolism in the earliest stages of the development of raised intracranial pressure and may be present at a time when the intraventricular pressure, as measured at ventriculography, may be considered normal (Figs. 5 and 6). After successful removal of an haemangioblastoma the alpha rhythm should return to its normal frequency and become stable.
Cholesteatoma
Although these large avascular mid-line frontal tumours are usually associated with symptoms of epilepsy and may slowly displace the frontal lobes, the electroencephalogram is generally found to be quite normal. 9. Craniopzharyngioma Unlike the chromophobe adenomata these midline suprasellar tumours give rise to well-marked slow wave abnormalities, probably because of lateral extensions of the cyst. The E.E.G. will show which frontal lobe is the more affected and will assist the surgeon to determine through which side he should approach the tumour at operation.
IO. Metastatic Tumours
Generally the appearances are similar to those encountered with the gliomata, but the records may contain more than one focal abnormality, these indicating the presence of multiple lesions. i i. Tuberculoma
The E.E.G. records are similar to the avascular meningiomata, which they may also resemble macroscopically, and they are generally quite normal (Fig. 4) . This is in direct contrast with the severe focal abnormalities produced by localized tuberculous arteritis over the cortex. The E.E.G. can be used for this type of differential 
I2. Subdural Haematoma
Although close clinical resemblance exists between an intracerebral tumour and a chronic subdural haematoma, the E.E.G. is a guide in differentiating between the two conditions. Even with distortion of the brain, as seen by gross displacement of-the septum pellucidum, records from an anterior subdural haematoma will be quite normal, w4hereas in' the posteriorly placed lesion there will be suppression of the dominant frequency on the affected side.
A woman of 58 had an i8-months' history of mental changes. For a year she had been increasingly irritable, and for six months had had difficulty with her speech. There was no history of head injury. On examination she was retarded but there was no evidence of abnormality in her nervous system. An E.E.G. was quite normal. A ventriculogram showed a large left posterior frontal expanding lesion with a shift of the septum pellucidum of I.5 cm. to the right. At operation a tense bluish dura was incised to reveal a longstanding subdural haematoma containing thick, bright yellow fluid. The membranes were removed 'to reveal convolutions which though flattened were otherwise normal. She made a rapid and complete recovery following operation.
The presence of a slow wave focus in a proven case indicates that there has been recent damage to the underlying cerebral cortex which has not, as yet, resolved.
A district nurse of 5I had a short history of mental deterioration and a right hemiparesis. An E.E.G. showed suppression of the alpha rhythm in the left occipital region but there was also a mild diffuse abnormality in the left temporal lobe consisting of low voltage one-to three-a-second waves. At operation 0OO cc. of dirty brown fluid escaped from a left posterior parietal burrhole. It was considered that the haematoma was about four weeks old. She made a rapid recovery and two weeks later the E.E.G. was quite normal, showing that resolution of the damaged brain was complete.
Cerebral Abscess
An acute untreated cerebral abscess gives rise to an unusually severe and very localized slow wave focus consisting of high voltage half-to onea-second waves which completely exclude all other activity. Recordings from other parts of the hemispheres may be only slightly abnormal. If treatment has been commenced with antibiotics the changes are less specific. Clinical Application Electroencephalography can be used in several ways in cases suffering from cerebral tumour and, broadly, these can be divided into three groups. First in the selection of cerebral tumours; this particularly applies to out-patient cases in whom diagnosis of cerebral tumour is suspected; secondly in the differentiation of the cases whose investigation for cerebral tumour have already commenced; and thirdly in the control of the proven cases of cerebral tumour. Selection
The occurrence of epileptic fits in an out-patient is the most frequent cause for reference for electroencephalographic examination. If the E.E.G. shows a very severe slow wave focus with superadded paroxysms of epileptic activity, then that patient must be suffering from symptomatic epilepsy. Conversely, if short paroxysms of true spike and wave activity, or bursts of generalized fast activity, disturb and otherwise normal record it is more probable that the patient is suffering from idiopathic epilepsy. There will, of course, be many intermediate types in which the E.E.G. appearances are not specific and on which no firm differential diagnosis can be made. The idiopathic epileptic patient will be treated medically, but the patient suffering from symptomatic epilepsy will require further study and investigation. In many cases the optimum time for commencing these further investigations can be found from a study of the E.E.G. records. The appearance of a severe focal abnormality in the E.E.G. of a patient with symptomatic epilepsy may precede by months, or even years, the onset -of physical signs, or localizing symptoms, and during this time, if the clinical picture permits, it will be safe to keep the patient under careful medical observation, at first repeating the records every two weeks and later, if there has been no clinical deterioration, every two months.
If the severe focal abnormality lessens and the improvement continues over several weeks, it is unlikely that the patient is suffering from an infiltrating tumour but more probable that he has an area of active cortical disease such as results upon -localized vascular insult, with cortical atrophy, or following trauma or infection. On the other hand, steady worsening of the records is produced by a progressive lesion and is almost certainly due to a cerebral tumour. If-steady deterioration is seen the patient should be referred for a neurosurgical opinion. The occurrence of generalized high pressure waves in the record, which may be present without there being any papilloedema, kdemands that air study be carried out by ventriculography rather than by encephalography, w'hich would be unsafe. Differentiation
Examination of' the features of the various. cerebral tumours which can be expected in any case has already been described and in this way the E.E.G. may be used in many cases as a differential diagnostic aid. It is essential, however, always to add the E.E.G. results to the clinical and radiological findings, thus, in a case which by ventriculography is shown to have a large hemisphere lesion and which has a normal record, the likelihood of the tumour being a glioma is remote and it will almost certainly be an avascular type of condition. Similarly, the patient who shows but indefinite radiological signs and yet has a rapidly worsening E.E.G. most probably has an infiltrating and highly malignant tumour.
It is generally valueless, in differential diagnosis, to depend on only one record and serial recordings will be found to throw considerable light on the nature of the lesion. It is, of course, quite easy to carry out serial recordings in special neurological centres, the method not distressing the patient, being quite painless and devoid of risk. By study of the various appearances which have been detailed above, it will be seen that if a normal E.E.G. is obtained in a case of cerebral tumour, the method cannot be considered to have failed, but it has in fact thrown light on the nature of the tumour. This particularly applies in the meningiomata. The presence of more than one focal abnormality suggests that the lesions are metastatic; though if these are observed in both frontal areas it is more likely that there has been a spread of a primary frontal tumour into the corpus callosum. The practice of so-called blind analysis is quite worthless and in every case as many details as possible should be given to the physician who is interpreting the record so that the maximum value of the method can be obtained.
Control
After surgical or radiological treatment has been given to any case of cerebral tumour, the records will be seen to improve in a dramatic way in a successful case; persistence of a severe focal abnormality, however, is of poor prognosis and heralds the return of the patient's symptoms. The occurrence of post-operative epilepsy may be anticipated by the appearance in the records of an increasing amount of paroxysmal epileptic activity and the appearance of these larval attacks may precede by years the development of clinical fits. The first sign of return of symptoms due to a recurrence of the tumour will either be focal or, in the case of posterior fossa tumours, will be generalized when slowing of the alpha rhythm is the earliest abnormality to be seen. Complete absence of the cortical potentials in any one particular area following treatment indicates that absolute cell aestruction has taken place there, and that no resolution is possible. Any persistent symptoms connected with the affected area can be expected to be permanent.
Conclusions
The electroencephalogram must be regarded merely as an ancillary method of diagnosis when it is used in cases of cerebral tumour and, just as the results obtained from other forms of laboratory study are supplementary to the clinical findings, so the electroencephalographic reports in each patient must be blended by the neurologist with the pathological and radiological findings to form a broad background to the clinical scene.
The electroencephalogram should not be employed to demarcate the anatomical limits of a cerebral tumour, since this can be achieved so accurately in the majority of cases by the various radiological methods, but rather should it be used as a sensitive indicator of the changes in cortical physiology which may be brought about in states of cerebral pathology. In this way the electroencephalogram will be found to represent a new dimension in the widening scheme of intracranial diagnosis.
The electroencephalogram can play an important part in the observation and control of proven cases of cerebral tumour.
